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1 Introduction 
The bioenergy component describes the conversion of biomass to gas, heat and electrical energy. It 
includes the utilization of grass and maize yields, the production of manure from livestock data and 
the growth of forests for the supply with wooden fuels. As shown in Table 1-1 six different types of 
plants are implemented in the component, which are fed by renewable energy sources. The biogas 
and biomass heating plants in power generation mode are implemented as plants providing base load, 
whereas biomass heating plants in heating mode, gas plants and the central heating systems are op-
erated continuously to meet the hourly demand in thermal energy from local heat networks or single 
buildings. 
Table 1-1: Implemented models with type of fuel and produced energy 
Plant Fuel Operation mode Heat 
Electrical 
Power 
Gas 
Biogas plant 
Grass silage, maize silage, ma-
nure, organic waste 
Base load X X X 
Biomass heating plant Wood Base load/Heat operated X X  
Gas plant Gas Heat operated X X  
Central heating – gas fired Gas Heat operated X   
Central heating – wood fired Wood Heat operated X   
Central heating – pellets Wood Heat operated X   
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2 The substrate management 
Four types of substrate are considered within the bioenergy component: Grass and maize silage, ma-
nure, which is gassed within the bio gas plants, and wood as fuel for biomass heating plants and wood-
fired plants. 
2.1 General equations 
2.1.1 Grass and maize 
The annual yields of grass and silage maize are calculated within the plant physiology model based on 
the approach of FARQUHAR, et al. (1980), which is integrated in the PROMET-environment. Further in-
formation about the model design, the input data and the outputs of this component are given in HANK 
(2008), HANK, et al. (2015), MAUSER, et al. (2015).  
The availability of substrates for ensilaging is checked once a year for silage maize and three times a 
year for silage grass from intensive grassland fields at the dates of ensilaging shown in Table 2-1. The 
yields in tonnes of fresh matter are determined separately for three areas, which are obtained from 
the harvests for the pixels with land use category 2 and 7.  
Table 2-1: Dates for the ensilage and the fermentation end of grassland and maize 
Type of substrate Date of ensilaging 
Date of the fermen- 
tation end 
Grass 30.04. 30.08. 
Grass 31.08. 30.12. 
Silage maize 30.09. 31.12. 
Grass 31.12. 04.29. 
 
To simulate the influence of organic farming practices, the organic yield is decreased by 19.2% com-
pared to conventional practice (PONISIO, et al. 2015). The fraction of ecologic farming is calculated an-
nually from the share at the initial year and the annual increase according to Equation (1).  
 
 𝑃𝐸𝑡+1 = 𝑃𝐸𝑡 ∙ (1 + ℎ𝑃𝐸𝑎) (1) 
 
with:    
PEt/ PEt+1 = Share of ecologic farming at the current year [-] 
hPea = Annual increase/decrease of ecologic farming [-] 
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Equation (2) shows the determination of the total annual yield of maize and grass considering the 
reductions due to organic farming practices.  
 
 𝑀𝑌,𝑀𝑧 = 𝑀𝑀𝑧 ∙ (1 − 0.192 ∙ 𝑃𝐸𝑡+1) 
𝑀𝑌,𝐺 = 𝑀𝐺 ∙ (1 − 0.192 ∙ 𝑃𝐸𝑡+1) 
(2) 
 
with:    
MY,MZ, MY,G = Total yield of maize/grass of the current year [t FM] 
MMZ, MG = Yield obtained in the plant physiology model [t FM] 
 
The share of silage maize and grass, which is available for the energy production, is determined ac-
cording to Equation (3). 
 
  𝑀𝑀𝑧,𝐴 = 𝑀𝑌,𝑀𝑧 ∙ 𝑢𝑀𝑧 
𝑀𝐺,𝐴 = 𝑀𝑌,𝐺 ∙ 𝑢𝐺 
(3) 
 
with:    
MMZ,A = 
Stock of maize usable for the energy production 
of the current year 
[t FM] 
uMZ = Utilization factor for maize [-] 
MG,A = 
Stock of grass usable for the energy production 
of the current year 
[t FM] 
uG = Utilization factor for grass [-] 
 
It is assumed that the harvest of grass is ensilaged three times per year and the yield of maize each 
September. The starting dates for ensilaging of the substrates available for the biogas production are 
listed in Table 2-1. 
The total amount of silage maize and silage grass is calculated at the end of the fermentation (dates 
listed in Table 2-1) using the silage densities of the input file (see chapter 2.3.2) for each district ac-
cording to Equation (4). 
 
  
𝑀𝑡𝑜𝑡𝑀𝑧,𝑡 = 𝑀𝑡𝑜𝑡𝑀𝑧,𝑡−1 +
𝑀𝐴,𝑀𝑧 ∙ 𝜂𝑆
𝜌𝑀𝑆
∙ 1000 
(4) 
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𝑀𝑡𝑜𝑡𝐺,𝑡 = 𝑀𝑡𝑜𝑡𝐺,𝑡−1 +
𝑀𝐴,𝐺 ∙ 𝜂𝑆
𝜌𝐺
∙ 1000 
 
with:    
MtotMZ, MtotG = Total stock of silage maize/silage grass [m3] 
t = Day [d] 
ηS = Efficiency of the silaging process of 0.9 [-] 
ρMS, ρG = Density of silage maize/silage grass [m3/t FM] 
 
The stock of grass and maize silage is reduced hourly by the amounts of consumed substrates from the 
bio gas plants (see chapter 3.1.1) as shown in Equation (5). 
 
  𝑀𝑡𝑜𝑡𝑀𝑧,𝑡 = 𝑀𝑡𝑜𝑡𝑀𝑧,𝑡−1 − 𝑀𝑐𝑜𝑛𝑠𝑀𝑧,𝑡−1 
𝑀𝑡𝑜𝑡𝐺,𝑡 = 𝑀𝑡𝑜𝑡𝐺,𝑡−1 − 𝑀𝑐𝑜𝑛𝑠𝐺,𝑡−1 
(5) 
 
with:    
MconsMZ, MconsG = Amount of consumed silage maize/silage grass [m3] 
t = Hour [h] 
 
2.1.2 Manure 
The total amount of available manure is calculated from the livestock for three areas specified in the 
input-file described in chapter 4.3. The considered animal types include the following categories: 
 dairy 
 calves with less than one year 
 cattle between one and two years 
 cattle with a minimum of two years 
 porker 
 breeding pigs 
 piglets 
 sheep 
 chickens 
 poultry 
The current annual livestock is interpolated linearly from the known livestock for the input years for 
THE SUBSTRATE MANAGEMENT 
12 
 
each district at annual resolution (see Equation (6)). For animal categories, which have only one input 
year, the livestock is kept constant over time.  
 
 
𝐿𝑆(𝑦, 𝑎) = 𝐿𝑆(𝑦𝑡−1, 𝑎) +
𝐿𝑆(𝑦𝑡 , 𝑎) − 𝐿𝑆(𝑦𝑡−1, 𝑎)
(𝑦𝑡 − 𝑦𝑡−1) ∙ (𝑦 − 𝑦𝑡−1)
 (6) 
 
with:    
LS(y,a) = Live stock of animal type a at year y  [pcs.] 
t = Input year [a] 
 
The amount of manure is calculated daily from the average annual amount of produced manure per 
animal for each category according to Equation (7).  
 
 
𝑀𝑀𝑎𝑛,𝐷(𝑎) =  𝐿𝑆(𝑦, 𝑎) ∙
𝐴𝑚(𝑎)
365
 (7) 
 
with:    
MMan,D(a) = 
Daily amount of manure of the animals of cate-
gory a at year y 
[m3] 
Am(a) = 
Average annual amount of produced manure per 
animal category 
[m3/a] 
 
The amount of produced manure is aggregated as following for the three districts: 
 Cattle: dairy, calves with less than one year, cattle between one and two years, cattle with a 
minimum of two years 
 Pigs: Porker, breeding pigs, piglets 
 Poultry: chickens, poultry 
The availability of the manure for the energy sector is determined by the utilization factor for manure 
as shown in Equation (8). 
 
  𝑀𝐶𝑎𝑡,𝐷 = ∑ 𝑀𝑀𝑎𝑛,𝐷(𝑎) ∙ 𝑢𝑀
𝐶𝑎𝑡𝑡𝑙𝑒
 
𝑀𝑃𝑖𝑔,𝐷 = ∑ 𝑀𝑀𝑎𝑛,𝐷(𝑎) ∙ 𝑢𝑀
𝑃𝑖𝑔𝑠
 
(8) 
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𝑀𝑃𝑜𝑢,𝐷 = ∑ 𝑀𝑀𝑎𝑛,𝐷(𝑎) ∙ 𝑢𝑀
𝑃𝑜𝑢𝑙𝑡𝑟𝑦
 
 
with:    
MCat,D / Mpig,D / 
MPou,D 
= 
Stock of manure of cattle/pigs/poultry usable for 
the energy production of the current day d 
[m3] 
uM = Utilization factor for manure [-] 
 
The total amount of manure is calculated for each day as the production sum of all animal categories 
except sheep: 
 
 𝑀𝑡𝑜𝑡𝑀,𝑡 = 𝑀𝑡𝑜𝑡𝑀,𝑡−1 + 𝑀𝐶𝑎𝑡,𝐷 + 𝑀𝑃𝑖𝑔,𝐷 + 𝑀𝑃𝑜𝑢,𝐷 (9) 
 
with:    
MtotM = Total stock of manure [m3] 
t = Day [d] 
 
The stock of manure is reduced hourly by the amount of consumed substrate from the bio gas plants 
(see chapter 3.1.1) as shown in Equation (10). 
 
 𝑀𝑡𝑜𝑡𝑀,𝑡 = 𝑀𝑡𝑜𝑡𝑀,𝑡−1 − 𝑀𝑐𝑜𝑛𝑠𝑀,𝑡−1 (10) 
 
with:    
MconsM = Amount of consumed manure [m3] 
t = Hour [h] 
 
2.1.3 Wood 
The total amount of available wood is calculated for three areas specified in the input-file described in 
chapter 2.3.4 at the beginning of each year.  
The area covered by forest is determined from pixels with the land use categories coniferous and de-
ciduous trees. The composition of the conifers is partitioned into spruce, fir, douglas, pine and larch. 
Deciduous trees are classified into oak, beech, ALH (other deciduous trees with high life time) and ALN 
(other deciduous trees with short life time) by shares, which are constant over time and specified in 
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the input as shown in chapter 2.3.4.. A detailed definition of the used tree categories is given in LWF 
(2014a). 
The stock of available wood is calculated from annual, constant growth rates, which separate between 
the wood types for deciduous forest and for coniferous forest (see Equation (11) and (12)). 
 
 𝑀𝑌,𝐷𝑐 = 𝐴𝐷𝑐 ∙ (𝑔𝑟𝑜𝑎𝑘 ∙ 𝑠ℎ𝑜𝑎𝑘 + 𝑔𝑟𝑏𝑒𝑒𝑐ℎ ∙ 𝑠ℎ𝑏𝑒𝑒𝑐ℎ + 𝑔𝑟𝐴𝐿𝐻 ∙ 𝑠ℎ𝐴𝐿𝐻 + 𝑔𝑟𝐴𝐿𝑁 ∙ 𝑠ℎ𝐴𝐿𝑁)  (11) 
 
with:    
MY,Dc = 
Total growth of deciduous trees of the current 
year  
[m3] 
ADc = Area that is covered by deciduous forest [hectare] 
groak / grbeech / 
grALH / grALN 
= 
Annual average growth rate of the stock of oak/ 
beech/ ALH/ ALN 
[m3/hectare] 
shoak / shbeech / 
shALH / shALN 
= 
Average share of oak, beech, ALH and ALN per ha 
forest  
[-] 
 
 𝑀𝑌,𝐶𝑓 = 𝐴𝐶𝑓 ∙ (𝑔𝑟𝑠𝑝𝑟𝑢𝑐𝑒 ∙ 𝑠ℎ𝑠𝑝𝑟𝑢𝑐𝑒 + 𝑔𝑟𝑓𝑖𝑟 ∙ 𝑠ℎ𝑓𝑖𝑟 + 𝑔𝑟𝑑𝑜𝑢𝑔𝑙𝑎𝑠 ∙ 𝑠ℎ𝑑𝑜𝑢𝑔𝑙𝑎𝑠 + 𝑔𝑟𝑝𝑖𝑛𝑒 ∙
𝑠ℎ𝑝𝑖𝑛𝑒 + 𝑔𝑟𝑙𝑎𝑟𝑐ℎ ∙ 𝑠ℎ𝑙𝑎𝑟𝑐ℎ)  
(12) 
 
with:    
MY,Cf = 
Total growth of coniferous trees of the current 
year 
[m3] 
ACf = Area that is covered by deciduous forest [hectare] 
grspruce / grfir / 
grdouglas / grpine 
/grlarch 
= 
Annual average growth rate of the stock of 
spruce/fir/douglas/pine/larch 
[m3/hectare] 
shspruce / shfir / 
shdouglas / shpine / 
shlarch 
= 
Average share of spruce/fir/douglas/pine/larch 
per ha forest  
[-] 
 
The availability of wood for the energy sector is determined by the utilization factors for wood as 
shown in Equation (13). 
 
  𝑀𝐷𝑐,𝐴 = 𝑀𝑌,𝐷𝑐 ∙ 𝑢𝐿 ∙ 𝑢𝑊 
𝑀𝐶𝑓,𝐴 = 𝑀𝑌,𝐶𝑓 ∙ 𝑢𝐿 ∙ 𝑢𝑊 
(13) 
 
with:    
MDc,A = 
Stock of wood usable for the energy production 
of the current year 
[m3] 
MCf,A = 
Stock of wood usable for the energy production 
of the current year 
[m3] 
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uL = Logging rate of the available stock of wood [-] 
uW = 
Utilization factor for the energy production of 
wood 
[-] 
 
The total amount of available wood is calculated as the sum of the logged, annual wood growth avail-
able for the energy sector and the stock of the recent years: 
 
 𝑀𝑡𝑜𝑡𝑊,𝑡 = 𝑀𝑡𝑜𝑡𝑊,𝑡−1 + (𝑀𝐷𝐶,𝐴 + 𝑀𝐶𝑓,𝐴) ∙ 𝑢𝑙  (14) 
 
with:    
MtotW = Total stock of wood [m3] 
t = Year [a] 
ul = Logging rate [-] 
 
The stock of wood is reduced hourly by the amount of consumed substrate from the central heating 
systems and the biomass heating plants (see chapters 4.1.1, 0 and 5.1) as shown in Equation (15). 
 
 𝑀𝑡𝑜𝑡𝑀,𝑡 = 𝑀𝑡𝑜𝑡𝑀,𝑡−1 − 𝑀𝑐𝑜𝑛𝑠𝑀,𝑡−1 (15) 
 
with:    
MconsM = Amount of consumed manure [m3] 
t = Hour [h] 
 
The mean heat value for deciduous wood and coniferous wood is calculated according to Equation 
(16).  
 
 ℎ𝑣𝐷𝑐 = ℎ𝑣𝑜𝑎𝑘 ∙ 𝑠ℎ𝑜𝑎𝑘 + ℎ𝑣𝑏𝑒𝑒𝑐ℎ ∙ 𝑠ℎ𝑏𝑒𝑒𝑐ℎ + ℎ𝑣𝐴𝐿𝐻 ∙ 𝑠ℎ𝐴𝐿𝐻 + ℎ𝑣𝐴𝐿𝑁 ∙ 𝑠ℎ𝐴𝐿𝑁  
ℎ𝑣𝐶𝑓 = ℎ𝑣𝑠𝑝𝑟𝑢𝑐𝑒 ∙ 𝑠ℎ𝑠𝑝𝑟𝑢𝑐𝑒 + ℎ𝑣𝑓𝑖𝑟 ∙ 𝑠ℎ𝑓𝑖𝑟 + ℎ𝑣𝑑𝑜𝑢𝑔𝑙𝑎𝑠 ∙ 𝑠ℎ𝑑𝑜𝑢𝑔𝑙𝑎𝑠 + ℎ𝑣𝑗𝑎𝑤 ∙ 𝑠ℎ𝑝𝑖𝑛𝑒
+ ℎ𝑣𝑙𝑎𝑟𝑐ℎ ∙ 𝑠ℎ𝑙𝑎𝑟𝑐ℎ 
(16) 
 
with:    
hvDc, hvCf = 
Average heat value for the stock of decidu-
ous/coniferous wood 
[kWh/m3] 
hvoak / hvbeech / 
hvALH / hvALN 
= Heat value of oak/ beech/ ALH/ ALN [kWh/m3] 
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hvSpruce / hvFir / 
hvDouglas / 
hvPine / hvLarch 
 
= Heat value of spruce/ fir/ douglas/ pine/ larch [kWh/m3] 
The mean heat value for the whole region is finally determined including the shares of the two types 
of forest as shown in Equation (17). 
 
  
ℎ𝑣𝑚 =
ℎ𝑣𝐷𝑐 ∙ 𝑠ℎ𝐷𝑐 + ℎ𝑣𝐶𝑓 ∙ 𝑠ℎ𝐶𝑓
𝑠ℎ𝐷𝑐 + 𝑠ℎ𝐶𝑓
 (17) 
 
with:    
hvm = Mean heat value of the stock of wood [kWh/m3] 
shDc = Share of deciduous wood [-] 
shCf = Share of coniferous wood [-] 
 
The conversion factors from cubic meters wood to other forms like chippings are taken from LWF 
(2014b) and shown in Table 2-2.  
Table 2-2: Conversion factors for wood fuel types 
Type of wood 
Conversion 
factor 
Logs (33cm) layered 1.6 
Round timber layered 1.4 
Logs (33cm) poured 2.1 
Chippings 2.5 
 
The production of pellets from the available wood stock is calculated from the demand at each time 
step as explained in chapter 4.1. The technical characteristics of the pellets according to DIN EN 14961-
2 (2011 ), QUASCHNING (2013) are listed in Table 2-3. 
Table 2-3: Technical characteristics of the pellets 
Parameter Value Unit 
Density in poured state 600  [kg/m3] 
Heating value 4.93 [kWh/kg] 
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Losses at production 0.02 [m3] 
2.2 Pre-processing 
The input data for the bioenergy management file is taken from literature (BAYLFSTAD 2015, 2017). The 
pixel containing the information about the stock of substrate types has to be located within the mask. 
The substrate mixture and the parameter values for the biogas plants are taken from KTBL (2013). The 
densities are estimated from GALLER (2009) and LWK NIEDERSACHSEN (2006). The heat values for the 
wood species are taken from LWF (2014b) and the wood densities from HARTMANN, et al. (2013) as-
suming that the density at 0% water content is similar to 15% water content. The data for the livestock 
are taken from BAYLFSTAT (2017). The parameters for the stock of wood input file is taken from in LWF 
(2014a).  
2.3 Input data and format 
2.3.1 The bioenergy management file 
The setup file for the bioenergy management is split into the following sections: 
 [BEM_ECO]: 
Table 2-4: Description of the input-file for the bioenergy management, Section BEM_ECO 
Input Parameters Description Unit Data format 
RefYear Reference year for the fraction of ecologic production  [-] integer 
EcoProd 
Percentage of the ecologically cultivated land of the agricultural area 
for three areas 
[-] real, real, real 
EcoRate Annual growth rates of ecologically cultivated areas for three areas [-] real, real, real 
 
 [BEM_SBT]: 
Table 2-5: Description of the input-file for the bioenergy management, Section BEM_SBT 
Input Parameters Description Unit Data format 
DegUtilMaize 
Degree of utilization of silage maize for the biogas production for 
three areas 
[-] real 
DegUtilGrass 
Degree of utilization of silage grass for the biogas production for three 
areas 
[-] real 
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DegUtilManure 
Degree of utilization of manure for the biogas production for three 
areas 
[-] real 
DegUtilWood Degree of utilization of the logged wood for the energy production [-] real 
LogRate Logging rate of the annual growth of wood for three areas [-] real 
 [BEM_BGS]: 
Table 2-6: Description of the input-file for the bioenergy management, Section BEM_BGS 
Input Parameters Description Unit Data format 
PercMaize Percentage of maize silage of the substrate input for biogas plants [-] real 
PercGrass Percentage of grass silage of the substrate input for biogas plants [-] real 
PercManure Percentage of manure of the substrate input for biogas plants [-] real 
 
 [BEM_PROXEL]: 
Table 2-7: Description of the input-file for the bioenergy management, Section BEM_PROXEL 
Input Parameters Description Unit Data format 
DeciduousProxel1 
Pixel number displaying the stock of utilizable deciduous trees in dm3 
for area 1 
[-] integer, integer 
ConiferousProxel1 
Pixel number displaying the stock of utilizable conifers in dm3 for area 
1 
[-] integer, integer 
WoodProxel1 
Pixel number displaying the stock of total utilizable wood in dm3 for 
area 1 
[-] integer, integer 
MaizeSilageProxel1 
Pixel number displaying the stock of utilizable maize silage in m3 for 
area 1 
[-] integer, integer 
GrassSilageProxel1 
Pixel number displaying the stock of utilizable grass silage in m3  for 
area 1 
[-] integer, integer 
CattleManureProxel1 
Pixel number displaying the stock of utilizable cattle manure in m3 
for area 1 
[-] integer, integer 
PigManureProxel1 
Pixel number displaying the stock of utilizable pig manure in m3 for  
area 1 
[-] integer, integer 
Poultry-
ManureProxel1 
Pixel number displaying the stock of utilizable poultry manure in m3 
for area 1 
[-] integer, integer 
ManureTotProxel1 Pixel number displaying the stock of total utilizable manure in m3 for [-] integer, integer 
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area 1 
... Pixel numbers for area 2 and 3   
Example setup for the bioenergy management input file:  
Figure 2-1: Example of the input file for the energy management 
 
2.3.2 The substrate parametrization file 
The setup file for the substrate parametrization is split into the following sections: 
 [General]: 
Table 2-8: Description of the input-file for the substrate parametrization, Section General 
Input Parameters Description Unit Data format 
SubName Name of the substrate type [-] character 
SubID ID-number of the substrate type [-] integer 
[BEM_ECO]  
RefYear                2016 
EcoProd                0.20   0.31   0.20 
EcoRate                0.01   0.02   0.01 
[end] 
               
[BEM_SBT] 
DegUtilMaize           1.00   1.00   1.00 
DegUtilGrass           1.00   1.00   1.00 
DegUtilManure          1.00   1.00   1.00 
DegUtilWood            1.00   1.00   1.00 
[end] 
 
[BEM_BGS] 
PercMaize              0.6 
PercGrass              0.1 
PercManure             0.3 
[end] 
 
[BEM_Proxel] 
DeciduousProxel1       121   502 
ConiferousProxel1      121   503 
WoodProxel1            121   504 
MaizeSilageProxel1     121   505 
GrassSilageProxel1     121   506 
CattleManureProxel1    121   507 
PigManureProxel1       121   508 
PoultryManureProxel1   121   509 
ManureTotProxel1       121   510 
... 
[end] 
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 [SubstrateParams]: 
Table 2-9: Description of the input-file for the substrate parametrization, Section SubstrateParams 
Input Parameters Description Unit Data format 
DryMass Dry mass of the substrate [TM/FM] real 
OrgDryMass Fraction of organic dry mass [oTM/TM] real 
GasYield Amount of biogas yield [l/kg oTM] real 
MethCont Methane content of biogas [-] real 
FermRes Share of fermentation residues of the substrate [-] real 
Dens Density of the substrate [kg FM/m3] real 
 [WoodHVParams]: 
Table 2-10: Description of the input-file for the substrate parametrization, Section WoodHVParams 
Input Parameters Description Unit Data format 
HVOak Heat value of oak with 15% water content [kWh/m3] real 
HVBeech Heat value of beech with 15% water content [kWh/m3] real 
HVALH 
Heat value of other deciduous trees with high life time with 15% wa-
ter content 
[kWh/m3] real 
HVALN 
Heat value of other deciduous trees with short life time with 15% 
water content 
[kWh/m3] real 
HVSpruce Heat value of spruce with 15% water content [kWh/m3] real 
HVFir Heat value of fir with 15% water content [kWh/m3] real 
HVDouglas Heat value of douglas fir with 15% water content [kWh/m3] real 
HVPine Heat value of pine with 15% water content [kWh/m3] real 
HVLarch Heat value of larch with 15% water content [kWh/m3] real 
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 [WoodParams]: 
Table 2-11: Description of the input-file for the substrate parametrization, Section WoodParams 
Input Parameters Description Unit Data format 
DensOak Gross density of oak with 15% water content [kWh/m3] real 
DensBeech Gross density of beech with 15% water content [kWh/m3] real 
DensALH 
Gross density of other deciduous trees with high life time with 15% 
water content 
[kWh/m3] real 
DensALN 
Gross density of other deciduous trees with low life time with 15% 
water content 
[kWh/m3] real 
DensSpruce Gross density of spruce with 15% water content [kWh/m3] real 
DensFir Gross density of fir with 15% water content [kWh/m3] real 
DensDouglas Gross density of douglas fir with 15% water content [kWh/m3] real 
DensPine Gross density of pine with 15% water content [kWh/m3] real 
DensLarch Gross density of larch with 15% water content [kWh/m3] real 
 
Example setup for the substrate parametrization input file:  
[General]                                                                      
ObjectType             substrat 
SubName                CattleManure 
SubID                  1 
[end] 
 
[SubstrateParams] 
DryMass                0.10 
OrgDryMass             0.80 
GasYield               380 
MethCont               0.55  
FermRes                0.98   
Dens                   1000 
[end] 
 
 
[WoodHVParams]      
HVOak                  2788 
HVBeech                2724 
HVALH                  2724 
HVALN                  1723 
HVSpruce               1926 
HVFir                  1926 
HVDouglas              1926 
HVPine                 2190 
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Figure 2-2: Example of the input file for the substrate parametrization 
 
2.3.3 The livestock input file 
The setup file for the livestock is split into the following sections: 
 [dairy] / [calves_<1y] / [cattle_1_2y] / [cattle_>2y] / [porker] / [breeding_pig] / [piglets] / 
[sheep] / [chickens] / [poultry]: 
Table 2-12: Description of the input-file for livestock, Section Dairy… 
Input Parameters Description Unit Data format 
NoRefYears Amount of reference years [-] integer 
RefYear, LvSt1, LvSt2, 
LvSt3 
Reference year with livestock for three areas [-, -, -, -] 
integer, integer, in-
teger, integer 
 
 [manure]: 
Table 2-13: Description of the input-file for the substrate parametrization, Section Manure 
Input Parameters Description Unit Data format 
ManDairy Amount of manure of dairy per animal and year  [m3/a] real 
ManCalves_<1y Amount of manure of calves less than 1 year per animal and year  [m3/a] real 
ManCattle_1_2y 
Amount of manure of cattle between 1 and 2 years per animal and 
year  
[m3/a] real 
ManCattle_>2y Amount of manure of cattle more than 2 years per animal and year  [m3/a] real 
ManPorker Amount of manure of porkers per animal and year  [m3/a] real 
HVLarch                1926  
[end] 
 
[WoodParams]                                                                                                                                     
DensOak                0.67 
DensBeech              0.75 
DensALH                0.63 
DensALN                0.52 
DensSpruce             0.43 
DensFir                0.41 
DensDouglas            0.47 
DensPine               0.49 
DensLarch              0.55  
[end] 
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ManBreeding_pig Amount of manure of breeding pigs per animal and year  [m3/a] real 
ManPiglets Amount of manure of piglets per animal and year  [m3/a] real 
ManSheep Amount of manure of sheep per animal and year  [t/a] real 
ManChicken Amount of manure of chicken per 1000 animals and year  [t/a] real 
ManPoultry Amount of manure of poultry per 1000 animals and year  [t/a] real 
 
 
Example setup for the livestock input file:  
Figure 2-3: Example of the input file for livestock 
 
2.3.4 The stock of wood input file 
The setup file for the stock of wood is split into the following sections: 
 [deciduous_total]: 
Table 2-14: Description of the input-file for the stock of wood, section deciduous_total 
Input Parameters Description Unit Data format 
[dairy] 
NoRefYears             6 
2010          20095     18021     37088 
2016          18480     16819     34065 
2020          18436     16510     33690 
2030          17943     15764     32113 
2040          17451     15018     30537 
2050          16958     14272     28960 
[end]  
 
[calves_1y] 
... 
 
[manure] 
ManDairy               20.00 
ManCalves_<1y          6.12 
ManCattle_1_2y         10.90 
ManCattle_>2y          14.46 
ManPorker              3.60 
ManBreeding_pig        5.00 
ManPiglets             1.05 
ManSheep               1.65 
ManChicken             1.93 
ManPoultry             10.13 
[end] 
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NoTreeType Amount of species of deciduous trees [-] integer 
TreeType, WSt1, 
WSt2, WSt3 
Tree species with stock for three areas [-, m3, m3, m3] 
integer, real, real, 
real 
 
 [coniferous_total]: 
Table 2-15: Description of the input-file for the stock of wood, section coniferous_total 
Input Parameters Description Unit Data format 
NoTreeType Amount of species of coniferous trees [-] integer 
TreeType, WSt1, 
WSt2, WSt3 
Tree species with stock for three areas [-] 
integer, real, real, 
real 
 
 [forest_growth_m3]: 
Table 2-16: Description of the input-file for the stock of wood, Section forest_growth_m3 
Input Parameters Description Unit Data format 
ForGrowthOak Annual average growth of oak per ha forest area [m3/ha] real 
ForGrowthBeech Annual average growth of beech per ha forest area [m3/ha] real 
ForGrowthALH 
Annual average growth of other deciduous trees with high life time 
per ha forest area 
[m3/ha] real 
ForGrowthALN 
Annual average growth of other deciduous trees with low life time  
per ha forest area 
[m3/ha] real 
ForGrowthSpruce Annual average growth of spruce per ha forest area [m3/ha] real 
ForGrowthFir Annual average growth of fir per ha forest area [m3/ha] real 
ForGrowthDouglas Annual average growth of douglas per ha forest area [m3/ha] real 
ForGrowthPine Annual average growth of pine per ha forest area [m3/ha] real 
ForGrowthLarch Annual average growth of larch per ha forest area [m3/ha] real 
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 [wood_share]: 
Table 2-17: Description of the input-file for the stock of wood, Section wood_share 
Input Parameters Description Unit Data format 
ShareOak 
Share of the area with oak trees in the total area with deciduous 
trees 
[-] real 
ShareBeech 
Share of the area with beech trees in the total area with deciduous 
trees 
[-] real 
ShareALH 
Share of the area with other deciduous trees with high life time in 
the total area with deciduous trees 
[-] real 
ShareALN 
Share of the area with other deciduous trees with low life in the to-
tal area with deciduous trees 
[-] real 
ShareSpruce Share of the area with spruce in the total area with coniferous trees [-] real 
ShareFir Share of the area with fir in the total area with coniferous trees [-] real 
ShareDouglas Share of the area with douglas in the total area with coniferous trees [-] real 
SharePine Share of the area with pine in the total area with coniferous trees [-] real 
ShareLarch Share of the area with larch in the total area with coniferous trees [-] real 
 
Example setup for the stock of wood input file:  
[deciduous_total] 
NoTreeType             4 
Oak                    67960.60      45307.06      30891.18    
Beech                  4469021.37    2979347.58    2031373.35   
ALH                    1728853.97    1152569.31    785842.71   
ALN                    753825.46     502550.30     342647.93    
[end] 
 
[coniferous_total] 
NoTreeType             5 
Spruce                 18270476.02   12180317.34    8304761.83 
Fir                    2538306.56    1692204.37     1153775.71    
Douglas                110766.31     73844.21       50348.32    
Jaw                    338995.33     225996.89      154088.79    
Larch                  72017.86      48011.90       32735.39    
[end]          
                
[forest_growth_m3] 
ForGrowthOak           8.48 
ForGrowthBeech         8.36 
ForGrowthALH           5.37 
ForGrowthALN           7.19 
ForGrowthSpruce        11.52 
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Figure 2-4: Example of the input file for the stock of wood 
 
2.4 Output 
The output includes the amount of consumed gas, wood, maize, grass and manure substrates at hourly 
resolution for three districts.  
  
ForGrowthFir           14.37 
ForGrowthDouglas       31.22 
ForGrowthPine          2.11 
ForGrowthLarch         3.04 
[end]    
 
[wood_share] 
ShareOak               0.7 
ShareaBeech            49.6 
ShareALH               33.8 
ShareALN               15.9 
ShareSpruce            85.6 
ShareFir               8.7 
ShareDouglas           0.2 
SharePine              5.0 
ShareLarch             0.4 
[end]          
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3 The biogas plant model  
The biogas plants are implemented as energy producers providing base load electrical and heat power. 
3.1 General equations 
3.1.1 Biogas production 
Depending on the type of used substrates, two different biogas models are implemented: 
For the biogas production from organic waste like leftover food, the amount of hourly produced biogas 
is read in from the input file (see chapter 0). 
The use of silage maize, silage grass and manure is the standard input into the bio gas plants imple-
mented in this component. The biogas model for this substrate mixture follows the approach of an 
idealised, continuously stirred tank reactor with constant substrate consumption. The amount of fed-
in substrate is calculated by Equation (18).  
 
 
𝑄𝑡 =
𝑉𝐹𝑒𝑟𝑚 ∙ 𝐿𝑑𝑓
𝑅𝑇 ∙ 24
 (18) 
 
with:    
Qt = Amount of the hourly substrate input [m3/h] 
VFerm = Fermenter volume [m3] 
RT = Average retention time  [d] 
Ldf = Level of filling of 0.92 [-] 
 
The quantities of the selected substrate types are calculated according to Equation (19) from the sub-
strate shares defined in the BEM-file (see Chapter 2.3.1). If grass silage is not available, it is replaced 
by manure. The biogas plant ceases the production when it runs out of any of its fed-in substrate types.  
 
 𝑄𝑀𝑎𝑛 = 𝑄𝑡 ∙ 𝑃𝑀𝑎𝑛 
𝑄𝐺𝑠 = 𝑄𝑡 ∙ 𝑃𝐺𝑠 
𝑄𝑀𝑠 = 𝑄𝑡 ∙ 𝑃𝑀𝑠 
(19) 
 
with:    
QMan /QGs QMs = 
Amount of the hourly substrate input of manure, 
grass silage and maize silage 
[m3/h] 
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PGs /PMs /PMan = Shares of grass silage, maize silage and manure [-] 
The hourly yield of biogas is calculated according to Equation (20). The parameters for manure are 
further classified according to the different characteristics of slurry from cattle, pigs and poultry.  
 
 
𝑄𝐵𝐺 =
𝑄𝑀𝑎𝑛 ∙ 𝐺𝑀𝑎𝑛 + 𝑄𝐺𝑠 ∙ 𝑇𝑀𝐺𝑠 ∙ 𝑜𝑇𝑀𝐺𝑠 ∙ 𝐸𝐺𝑠𝑜𝑇𝑀 + 𝑄𝑀𝑠 ∙ 𝑇𝑀𝑀𝑠 ∙ 𝑜𝑇𝑀𝑀𝑠 ∙ 𝐸𝑀𝑠𝑜𝑇𝑀
1000
 
𝐺𝑀𝑎𝑛 = 𝑇𝑀𝐶𝑎𝑡 ∙ 𝜌𝐶𝑎𝑡 ∙ 𝑜𝑇𝑀𝐶𝑎𝑡 ∙ 𝐸𝐶𝑎𝑡𝑜𝑇𝑀 ∙  𝑃𝐶𝑎𝑡 + 𝑇𝑀𝑃𝑖𝑔 ∙ 𝜌𝑃𝑖𝑔 ∙ 𝑜𝑇𝑀𝑃𝑖𝑔 ∙ 𝐸𝑃𝑖𝑔𝑜𝑇𝑀
∙  𝑃𝑃𝑖𝑔 + 𝑇𝑀𝑃𝑜𝑢 ∙ 𝜌𝑃𝑜𝑢 ∙ 𝑜𝑇𝑀𝑃𝑜𝑢 ∙ 𝐸𝑃𝑜𝑢𝑜𝑇𝑀 ∙  𝑃𝑃𝑜𝑢 
(20) 
 
with:    
QBG = Amount of produced Biogas  [m3] 
GMan = Parameter for mixed manure [l/kg] 
ρCat / ρPig / ρPou = 
Density of cattle manure/ pig manure/ poultry 
manure fresh matter  
[kgFM/m3] 
TMGS /TMMS /TMCat /TMpig 
/TMPou 
= 
Dry matter of grass silage/maize silage/cattle 
manure/pig manure/ poultry manure 
[TM/FM] 
oTMGS /oTMMS /oTMCat /oT-
Mpig /oTMPou 
= 
Organic dry matter of silage/maize silage/cattle 
manure/pig manure/ poultry manure 
[TM/oTM] 
EGSoTM /EMSoTM /ECatoTM 
/EPouoTM /EPigoTM 
= 
Biogas yield of grass silage/maize silage/cattle 
manure/pig manure/ poultry manure 
[l/kgoTM] 
PCat /PPig /PPou = 
Percentage of the manure from cattle, pig and 
poultry 
[-] 
 
The methane content of biogas is calculated according to Equation (21). 
 
 𝐵𝐺𝐶𝐻4 = 𝑄𝑀𝑎𝑛 ∙ 𝐺𝑀𝑀𝑎𝑛 + 𝑄𝐺𝑠 ∙ 𝑇𝑀𝐺𝑠 ∙ 𝑜𝑇𝑀𝐺𝑠 ∙ 𝐸𝐺𝑠𝑜𝑇𝑀 ∙ 𝐶𝐺𝑠𝐶𝐻4 + 𝑄𝑀𝑠 ∙ 𝑇𝑀𝑀𝑠 ∙
𝑜𝑇𝑀𝑀𝑠 ∙ 𝐸𝑀𝑠𝑜𝑇𝑀 ∙ 𝐶𝑀𝑠𝐶𝐻4   
𝐺𝑀𝑎𝑛 = 𝑇𝑀𝐶𝑎𝑡 ∙ 𝜌𝐶𝑎𝑡 ∙ 𝑜𝑇𝑀𝐶𝑎𝑡 ∙ 𝐸𝐶𝑎𝑡𝑜𝑇𝑀 ∙  𝑃𝐶𝑎𝑡 ∙ 𝐶𝐶𝑎𝑡𝐶𝐻4 + 𝑇𝑀𝑃𝑖𝑔 ∙ 𝜌𝑃𝑖𝑔 ∙ 𝑜𝑇𝑀𝑃𝑖𝑔 ∙
𝐸𝑃𝑖𝑔𝑜𝑇𝑀 ∙  𝑃𝑃𝑖𝑔 ∙ 𝐶𝑃𝑖𝑔𝐶𝐻4 + 𝑇𝑀𝑃𝑜𝑢 ∙ 𝜌𝑃𝑜𝑢 ∙ 𝑜𝑇𝑀𝑃𝑜𝑢 ∙ 𝐸𝑃𝑜𝑢𝑜𝑇𝑀 ∙  𝑃𝑃𝑜𝑢 ∙ 𝐶𝑃𝑜𝑢𝐶𝐻4  
(21) 
 
with:    
BGCH4 = Amount of produced methane  [m3] 
CGSCH4 /CMSCH4 /CCatCH4 /CPouCH4 
/CPigCH4 
= 
Fraction of CH4 in biogas of grass silage/maize si-
lage/cattle manure/pig manure/ poultry manure 
[-] 
 
Equation (22) shows the determination of the annually accumulated fermentation residues from the 
hourly substrate flows. 
THE BIOGAS PLANT MODEL 
29 
 
 𝐺𝑅𝑎,𝑡 = 𝐺𝑅𝑎,𝑡−1 + 𝑄𝑀𝑠,𝑡 ∙ 𝐹𝐹𝑀𝑠 + 𝑄𝐺𝑠,𝑡 ∙ 𝐹𝐹𝐺𝑠 + 𝑄𝑀𝑎𝑛,𝑡 ∙ (𝑃𝐶𝑎𝑡 ∙ 𝐹𝐹𝐶𝑎𝑡 + 𝑃𝑃𝑖𝑔 ∙
𝐹𝐹𝑃𝑖𝑔 + 𝑃𝑃𝑜𝑢 ∙ 𝐹𝐹𝑃𝑜𝑢)  
(22) 
 
with:    
GR = Fermentation residues [m3] 
t = Hour [h] 
FFMs / FFGs /FFCat /FFPig /FFPou = 
Fraction of remaining liquids of grass si-
lage/maize silage/cattle manure/pig manure/ 
poultry manure 
[-] 
 
After a maximum of 8000 h of continuous operation, the biogas plants are turned off for 31.67 days 
due to cleaning and maintenance.  
 
3.1.2 Biogas utilization 
The type of the biogas plant defines the further processing of the produced biogas: 
For plants feeding into the gas grid the amount of bio-methane is calculated according to Equation 
(23). The efficiency parameter includes the energy needed to adapt to the grid pressure, the purifica-
tion and adjustment of the calorific value. 
 
 𝐺𝐹𝐶𝐻4 = 𝐵𝐺𝐶𝐻4 ∙ 𝜂𝐺𝐹𝐼 ∙ ℎ𝑣𝐶ℎ4  (23) 
 
with:    
GFCH4 = Amount of methane gas fed into the grid [kWh] 
ηGFI = 
Losses due to methane slips and adaption to the 
grid 
[-] 
hvCH4 = heat value of methane of 11.03 kWh/m3 [kWh/m3] 
 
If the biogas is utilized onsite by cogeneration plants, the electrical and thermal energy is calculated 
according to Equation (24) and Equation (25). The produced energy is limited by the maximum thermal 
and electrical power of the cogeneration plant. 
 
 𝑃𝑒𝑙 = 𝑄𝐶ℎ4 ∙ ℎ𝑣𝐶ℎ4 ∙ 𝜂𝑒𝑙 ∙ (1 − 𝐿𝐵𝐺)  (24) 
 
with:    
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Pel = Amount of produced electrical energy [kW] 
ηel = Electrical efficiency of the cogeneration plant [-] 
LBG = Production losses [-] 
 
 𝑃𝑡ℎ𝑒𝑟𝑚 = 𝑄𝐶ℎ4 ∙ ℎ𝑣𝐶ℎ4 ∙ 𝜂𝑡ℎ𝑒𝑟𝑚 ∙ (1 − 𝐿𝐵𝐺)  (25) 
 
with:    
Ptherm = Amount of produced thermal energy [kW] 
ηtherm = Thermal efficiency of the cogeneration plant [-] 
LBG = Production losses [-] 
 
3.2 Pre-processing 
The data is taken from literature (FNR 2013, KTBL 2013). The pixel of the plants can be determined by 
overlaying the GIS-Layer with the mask of the model region.  
The fermenter volume can be estimated from the plant’s nominal power by Equation (26) based on 
the linearly interpolated results of KTBL (2017) (see Appendix Table A 1 and Figure A 1). The underlying 
assumption is that a substrate share of 60 % maize silage, 30 % cattle manure and 10 % grass silage is 
used. 
 
 𝑉𝐹𝑒𝑟𝑚 = 6.5855 ∙ 𝑃 + 21.037 (26) 
 
with:    
VFerm = Fermenter volume [l] 
P = Nominal Power of the Biogas plant [kW] 
 
3.3 Input data and format 
The setup file for the Biogas plants is split into the following sections: 
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 [General]: 
Table 3-1: Description of the input-file for the biogas plant-model, Section General 
Input Parameters Description Unit Data format 
BGSName Name of the Biogas plant [-] character 
BGSID ID-number of the Biogas plant [-] integer 
BGSProxel Pixel of the Biogas plant [-] integer 
 
 [BioGasPlant]: 
Table 3-2: Description of the input-file for the biogas plant-model, Section BioGasPlant 
Input Parameters Description Unit Data format 
BGSActive Status of the biogas plant: 0 – off, 1 – on [-] integer 
BGSStartYear, 
BGSStartMonth, 
BGSStartDay 
Start time of the biogas plant [-] integer 
BGSType Biogas utilization: 1 – cogeneration plant, 2 – feed-into the gas grid  [-] integer 
FermVol/OWGas 
Volume of the fermenter for BGS-model 1,  
Hourly amount of bio methane for BGS-model 2 
[m3] real 
BGSModel Substrate input: 1 – as defined in BEM-file, 2 – organic waste [-] integer 
ConvLoss Biogas/Methane losses at the gas production [-] real 
RetTime Average retention time of the substrate [d] integer 
Nu_el Electrical efficiency of the cogeneration plant [-] real 
Nu_therm Thermal efficiency of the cogeneration plant [-] real 
Nu_chem Conversion efficiency of the biomethane facility [-] real 
P_el Maximum electrical power of the cogeneration plant  [kW] real 
P_therm Maximum thermal power of the cogeneration plant  [kW] real 
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Example setup for a biogas plant located in Rottenbuch:  
Figure 3-1: Example of the input file for the biogas plant model 
 
3.4 Output 
The output of the biogas plant model includes the amount of produced electrical and thermal energy 
of the cogeneration plants as well as the gas output of plants producing biomethane. The biomass 
conversion used for gas production is shown by the amount of consumed substrates and the fermen-
tation residues.  
[General]                                                                      
ObjectType             biogas 
BGSName                E31177010000000005007779678-00000 
BGSID                  1       
BGSProxel              297    197                  
[end] 
 
[BioGasModel] 
BGSActive              1  
BGSStartYear           2005   
BGSStartMonth          09   
BGSStartDay            29   
BGSType                1   
FermVolume             1054   
BGSModel               1   
ConvLoss               0.01    
RetTime                38   
Nu_el                  0.369   
Nu_therm               0.489   
Nu_chem                0.000 
P_el                   140 
P_therm                185   
[end]  
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4 The central heating model 
Three types of domestic heating systems are implemented in this component: 
 Wood-fired systems with continuous woodchip supply 
 Pellet-heating systems that are coupled to buffer storages and solar thermal plants 
 Gas-fired heating systems, such as gas fired water heaters 
It is assumed that the vessels of the central heating systems are dimensioned sufficiently in perfor-
mance and size, so that the energy demand is always fully provided at each hour.   
4.1 General equations 
4.1.1 Wood-fired heating systems 
The wood-fired systems are operated with an automatic wood chips feed-in. The amount of wood 
needed to supply the thermal energy demand of all buildings with wood-fired heating systems is cal-
culated according to Equation (27). 
 
 
𝐷𝑤 = ∑
𝐸𝑡ℎ(𝑖)
𝜂𝑊𝐻 ∙ ℎ𝑣𝑚
𝑛𝑤ℎ𝑓
𝑖=1
 (27) 
 
with:    
DW = Demand in wood [m3] 
Eth = Thermal energy demand of the building [kW] 
ηWH = Efficiency of wood-fired heating system [-] 
nwhf = Total number of wood-fired heating systems [-] 
 
4.1.2 Pellet-systems 
For wood-fired systems coupled to solar thermal plants and buffer storages, the amount of heat energy 
that is supplied by pellet vessels is calculated in the buffer storage model. It is assumed that the pellet 
vessels always secure the excess of the minimum demanded energy content of the buffer storages 
(see Technical Release No. 6 Chapter 6). 
Equation (28) shows the calculation of the pellet demand from the difference between the current and 
the minimum thermal energy content of the buffer tanks. It is assumed that the pellet vessels have a 
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constant efficiency of 92.5% according to HARTMANN, et al. (2013) and that there is a material loss of 
2% during the production of pellets.  
 
 
𝐷𝑊 = ∑
𝛥𝐸𝑏𝑢𝑓(𝑖)
(1 − 𝐿𝑃) ∙ 𝜂𝑃𝑙𝐻 ∙ ℎ𝑣𝑃𝑙 ∙ 𝜌𝑃𝑙
𝑛𝑠𝑡𝑠
𝑖=1
 (28) 
 
with:    
DW = Demand in wood [m3] 
ΔEbuf = Thermal energy demand of the buffer storage [kW] 
LP = Losses of the pellet production [-] 
ηPlH = Efficiency of the pellet heating system [-] 
nSTS = Total number of solar thermal plant systems [-] 
ρPl = Density of the pellets [kg/m3] 
hvPlH = Heating value of the pellets [kWh/kg] 
 
4.1.3 Gas-fired heating systems 
Gas fired heating systems are modelled with a similar approach like the wood-fired central heating 
systems described in chapter 4.1.1. The demand in gas per hour is calculated from the energy demand 
of the buildings using gas-fired vessels according to Equation (29). 
 
 
𝐷𝐺 = ∑
𝐸𝑡ℎ(𝑖)
𝜂𝐺𝐻
𝑛𝑔ℎ𝑓
𝑖=1
 (29) 
 
with:    
DG = Demand in gas [kW] 
Eth = Thermal energy demand of the building [kW] 
ηGH = Efficiency of the gas-fired heating system [-] 
nghf = Total number of gas-fired heating systems [-] 
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4.2 Pre-processing 
The parameter data is taken from literature (HARTMANN, et al. 2013, FNR 2017). The pixel of the plant 
can be determined by overlaying the GIS-Layer with the mask of the model region. 
4.3 Input data and format 
Input data for the pellet heating systems coupled to solar thermal plants and buffer storages is not 
necessary, as the required information is already part of the production and storage input files.  
The input for spatially distributed wood and gas fired heating systems is stored in raster files in PIC-
format with the following layers: 
Table 4-1: Description of the input-file for central heating systems in PIC-Format 
Input Parameters Description Unit Data format 
NWFH Number of wood-fired heating systems per pixel [-] integer 
WFHStart Starting year of wood-fired heating systems per pixel [-] integer 
NGFH Number of gas-fired heating systems per pixel [-] integer 
NGFHStart Starting year of gas-fired heating systems per pixel [-] integer 
LK Allocation number of the administrative district [-] integer 
GEM Allocation number of the municipality [-] integer 
 
4.4 Output 
The output includes the amount of consumed wood in m3 and gas in kWh per district and the produced 
heat energy in kWh. 
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5 The biomass heating plant model 
Three operation modes of biomass heating plants are implemented in this component: 
 The wood-fired heating model, which can be operated in partial load to meet the hourly de-
mand in thermal energy. The energy consumption of the previous hour calculated in the local 
heat network component is the amount of heat production for the current hour. Further de-
tails are described in Technical Release No. 7 Chapter 2. 
 The wood-gasifier model, which corresponds to a batch system. The vessel is filled and oper-
ated at maximum performance until the fuel is completely burned. This type has to be coupled 
to a buffer tank or local heat network, as the start time of the wood-gasifier is determined 
externally.  
 The power generation model, which delivers electric power for base load supply. This model 
does not have to be coupled to local heat networks mandatory, when the waste heat is not 
used. 
5.1 General equations 
The biomass heating plant is activated after reaching the start date specified in the input file. The con-
sumption of wood is aggregated to the level of the administrative districts. 
5.1.1 The wood-fired heating model 
The wood-fired heating model accepts all types of wooden solid fuels, which are specified for each 
plant in the variable BHSFuelType of the input file.  
According to FNR (2017) it is assumed that the wood-fired heating systems operate in a partial load 
range of 30%-100% of the rated power. Furthermore, the full supply with solid fuel is always secured 
at each time step.  
The consumption of wood for the wood-fired heating plant is calculated according to Equation (30). 
 
 
𝐶𝑊(𝑡) =
𝐷𝑡ℎ𝑒𝑟𝑚(𝑡 − 1)
𝜂𝑡ℎ𝑒𝑟𝑚 ∙ ℎ𝑣𝑚
 (30) 
 
with:    
CW (t) = 
Consumption of the wooden solid fuel at time 
step t 
[m3] 
Dtherm (t-1) = 
Thermal energy demand of the local heat net-
work from time step t-1 
[kW] 
ηfermh 
= Thermal efficiency of the wood-fired heating [-] 
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The calculation of the electric energy production for cogeneration plants is shown in Equation (31).  
 
 
𝐸𝑒𝑙 =
𝐷𝑡ℎ𝑒𝑟𝑚(𝑡 − 1)
𝜂𝑡ℎ𝑒𝑟𝑚
∙ 𝜂𝑒𝑙  (31) 
 
with:    
Eel = Produced electric energy  [kW] 
ηwfh = Electric efficiency of wood-fired heating [-] 
 
5.1.2 The wood gasifier model 
In the wood gasifier model, the possible fuel types are restricted to round timbers and poured logs 
with a size of 33 cm. The feeding of the plant is determined in the component of the local heat net-
works as explained in Technical Release No. 7 chapter 2.  
Equation (32) shows the calculation of the feeding of a plant after activation. 
 
 
𝐶𝑊 =
𝑉𝑤𝑔
𝑓𝑐𝑜𝑛𝑣 ∙ 1000
 (32) 
 
with:    
CW = Amount of consumed wood fuel [m3] 
Vwg = Volume of the wood gasifier vessel [l] 
 
The combustion period, which can be achieved from the wood filling, is calculated according to Equa-
tion (33). It is assumed that the plant is operated at rated thermal and electric power during the oper-
ation time. 
 
 
𝑡𝑐𝑏 =
𝐶𝑤 ∙ ℎ𝑣𝑚
𝑃𝑡ℎ𝑒𝑟𝑚
∙ 𝜂𝑡ℎ𝑒𝑟𝑚 (33) 
 
with:    
tcb = Combustion time [h] 
Ptherm = Rated thermal power of the wood gasifier plant [kW] 
ηtherm = Thermal efficiency of the wood gasifier plant [-] 
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When the remaining combustion time is less than one hour, this information is further processed in 
the local heat network component, in which the decision of the refuelling is taken.  
5.1.3 The power-generation model 
The biomass plants that are operated in the mode of base-load supply have a constant consumption 
of wood as shown in Equation (34). 
 
 
𝐶𝑊 =
𝑃𝑒𝑙
ℎ𝑣𝑚 ∙ 𝜂𝑒𝑙
 (34) 
 
with:    
Cw = Consumption of wood [m3] 
Pel = Rated electric power of the biomass plant [kW] 
ηel = Electric efficiency of the biomass plant [-] 
 
After 8000 h of operation, the biomass plants are turned off for 31.67 days due to cleaning and mainte-
nance.  
5.2 Pre-processing 
The data is taken from literature (FNR 2015, 2017). The pixel numbers of the plants can be determined 
by overlaying the GIS-Layer with the mask of the model region.  
The vessel size of the wood gasifier can be estimated from the performance by Equation (35) based on 
the linearly interpolated results of the list in FNR (2015) with manufacturer information (see Figure A 
2). 
 
 𝑉𝑊𝐺 = 5.3265 ∙ 𝑃𝑊𝐺 (35) 
 
with:    
VWG = Vessel volume of the wood gasifier  [l] 
PWG = Thermal performance of the wood gasifier  [kW] 
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5.3 Input data and format 
The setup file for the Biomass heating plants is split into the following sections: 
 [General]: 
Table 5-1: Description of the input-file for the biomass heating plant-model, Section General 
Input Parameters Description Unit Data format 
BHSName Name of the biomass heating plant [-] character 
BHSID ID-number of the biomass heating plant [-] integer 
BHSProxel Pixel [-] integer 
 
 [BioMassModel]: 
Table 5-2: Description of the input-file for the biomass heating plant-model, Section BioMassPlant 
Input Parameters Description Unit Data format 
BHSActive Status of the biomass heating plant: 0 – off, 1 – on [-] integer 
BhSStartYear, 
BHSStartMonth, 
BHSStartDay 
Starting time of the biomass heating plant [-] integer 
BHSFuelType 
Type of fuel: 1 – logs (33cm) layered, 2 – round timber, 3 – logs 
(33cm) poured, 4 – chippings, 5 – pellets 
[-] integer 
ComChamVol Volume of the combustion chamber [l] real 
BHSModel 
Heating model: 1 – wood-fired heating, 2 – wood gasifier, 3 – power 
generation 
[-] integer 
Nu_el Electrical efficiency of the biomass heating plant [-] real 
Nu_therm Thermal efficiency of the biomass heating plant [-] real 
P_el Maximum electrical power of the biomass heating plant  [kW] real 
P_therm Maximum thermal power of the biomass heating plant  [kW] real 
 
Example setup for a biomass heating plant located in Steingaden:  
[General]                                                                      
ObjectType             biomass 
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Figure 5-1: Example of the input file for the biomass heating plant model 
5.4 Output 
The output includes the amount of produced heat and electric energy as well as the consumed wood 
in dm3 for each plant. 
  
BHSName                Steingaden 
BHSID                  1 
BHSProxel              331     118             
[end] 
 
[BioMassModel] 
BHSActive              1  
BHSStartYear           2005 
BHSStartMonth          1 
BHSStartDay            1 
BHSFuelType            4        
ComChamVol             0 
BHSModel               1 
Nu_el                  0.325 
Nu_therm               0.895 
P_therm                400 
P_el                   0 
[end] 
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6 The gas plant model 
This model component includes gas-fired power plants and combined heat and power plants (CHP). 
One operation modes of gas plants is implemented in this component: 
The gas-fired heating model, which can be operated in partial load to meet the hourly demand in 
thermal energy. The energy consumption of the previous hour calculated in the local heat network 
component is the amount of heat production for the current hour. Further details are described in 
Technical Release No. 7 Chapter 2. 
6.1 General equations 
The gas plant is activated after reaching the start date specified in the input file. 
6.1.1 The gas-fired heating model 
 The gas-fired heating plant is strictly operated according to the demand in thermal energy of the heat 
networks. Surplus electrical energy is fed into the grid. The maximum thermal energy, which can be 
produced, is limited to the thermal power of the plant.  
The hourly consumption of gas is calculated according to Equation (30). 
 
𝐶𝐺(𝑡) =
𝐷𝑡ℎ𝑒𝑟𝑚(𝑡 − 1)
𝜂𝑡ℎ,𝐺
 (36) 
 
with:    
CG (t) = Consumption of gas at time step t [kWh] 
Dtherm (t-1) = 
Thermal energy demand of the local heat net-
work from time step t-1 
[kW] 
ηth,G 
= Thermal efficiency of the gas-fired heating of ::::: [-] 
The calculation of the electric energy production for cogeneration plants is shown in Equation (31).  
 
𝐸𝑒𝑙 =
𝐷𝑡ℎ𝑒𝑟𝑚(𝑡 − 1)
𝜂𝑡ℎ,𝐺
∙ 𝜂𝑒𝑙,𝐺  (37) 
 
with:    
Eel = Produced electric energy  [kW] 
ηel,G = Electric efficiency of gas-fired heating [-] 
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6.2 Pre-processing 
The data is taken from literature. The pixel numbers of the plants can be determined by overlaying the 
GIS-Layer with the mask of the model region.  
6.3 Input data and format 
The setup file for the gas plants is split into the following sections: 
 [General]: 
Table 6-1: Description of the input-file for the gas plant-model, Section General 
Input Parameters Description Unit Data format 
GPLName Name of the gas plant [-] character 
GPLID ID-number of the gas plant [-] integer 
GPLProxel Pixel [-] integer 
 
 [GasPlantModel]: 
Table 6-2: Description of the input-file for the gas plant-model, Section GasPlantModel 
Input Parameters Description Unit Data format 
GPLActive Status of the gas plant: 0 – off, 1 – on [-] integer 
GPLStartYear, 
GPLStartMonth, 
GPLStartDay 
Starting time of the gas plant [-] integer 
GPLModel 
Gas plant model: 1 – gas-fired heating, 2 – cogeneration, 3 – power 
generation, 
[-] integer 
Nu_el Electrical efficiency of the gas plant [-] real 
Nu_therm Thermal efficiency of the gas plant [-] real 
P_el Maximum electrical power of the gas plant  [kW] real 
P_therm Maximum thermal power of the gas plant  [kW] real 
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Example setup for a gas plant for peak supply of a local heat network located in Steingaden:  
Figure 6-1: Example of the input file for the gas plant model 
6.4 Output 
The output includes the amount of produced heat and electric energy as well as the consumed gas in 
kWh for each plant. 
  
[General]                                                                      
ObjectType             gas 
GPLName                Steingaden 
GPLID                  1 
GPLProxel              331     118             
[end] 
 
[GasPlantModel] 
GPLActive              1  
GPLStartYear           2005 
GPLStartMonth          1 
GPLStartDay            1 
GPLModel               1 
Nu_el                  0. 
Nu_therm               0. 
P_therm                500 
P_el                   0 
[end] 
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7 Implementation within the energy model 
The bioenergy component is executed after the energy production and the energy consumption mod-
els. Depending on the type of plant, the biomass models are coupled to different storage models with 
a time delay of one hour or the consumption model as shown inTable 7-1.  
Table 7-1: Dependencies of the bio energy models on the other energy components 
Bioenergy model Reason Coupling Coupled models Component 
Biogas plant 
Provides utilization of waste 
heat 
Non mandatory Local heat network Storage management 
Central heating model 
Wood-fired heating 
Needs thermal energy de-
mand of the building 
Mandatory Thermal energy demand Energy consumption 
Central heating model    
Pellet heating 
Needs energy to excess mini-
mum energy content of the 
buffer  
Mandatory 
Buffer model, solar ther-
mal energy model 
Energy storage, energy 
management, solar ther-
mal energy 
Central heating model   
Gas-fired heating  
Needs thermal energy de-
mand of the building 
Mandatory Thermal energy demand Energy consumption 
Biomass heating plant 
model 
Wood-fired heating 
Needs thermal energy de-
mand of the linked local heat 
network of the previous hour 
Mandatory Local heat network Storage management 
Biomass heating plant 
model 
Wood-gasifier 
Needs activation and switch 
off order of the local heat 
network 
Mandatory Local heat network  Storage management 
Biomass heating plant 
model 
Power-generation mode 
Provides utilization of waste 
heat 
Non mandatory Local heat network Storage management 
Gas plant 
Peak-load mode 
Needs thermal energy de-
mand of the linked local heat 
network of the previous hour 
Mandatory Local heat network Storage management 
Gas plant  
Power generation mode 
Provides utilization of waste 
heat 
Non mandatory Local heat network Storage management 
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A. Appendix 
Table A 1: Fermenter volume and nominal electrical power of biogas plants using on-site combustion with a  gas 
Otto engine and 8000 h of full load hours for different substrate inputs according to KTBL (2017) 
 
 
 
 
 
 
 
 
 
 
Figure A 1: Determination of the linear parameters from the obtained fermenter volumes and nominal electrical 
power for the selected substrate input amounts 
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Fermenter     
volume [l] Maize silage Cattle manure Grass silage 
1st  Input  1,500 750 250 93 582 
2nd Input 3,000 1,500 500 193 1,164 
3rd Input 6,000 3,000 1,000 406 2,795 
4th Input 12,000 6,000 2,000 859 5,589 
IMPLEMENTATION WITHIN THE ENERGY MODEL 
48 
 
 
Figure A 2: Determination of the parameters for the obtained vessel volume of the wood gasifiers from the ther-
mal performance according to manufacturer data collected in FNR (2015) 
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